This article developed a new method of the manufacturing cell sizing according to an approach based on the simulation and expert system. This method takes into consideration the stochastic aspect which governs the production system, the production scales of the product family to be treated, the products arrival law, the adopted scheduling and the used optimization criteria. This study starts with the modeling of a manufacturing cell and the simulation of its functioning using the software "ARENA", which provides performance ratings. In a second stage, the expert system exploits these performance measures by a confrontation of the obtained results to the pre-defined objectives. This step permits to lead to a possible decision in order to size each of the machines to obtain a better manufacturing cell functioning. This process is repeated iteratively until the obtention of a cell having the performances which conform to the objectives already defined. The method represents a very useful and economical approach to predict the system size. Finally, applications of the developed method for the sizing of manufacturing cell machines permitted to get satisfactory results.
INTRODUCTION
This article deals with the design of production cell by mean of sizing each machine used for product family process. There are many approaches to tackle this issue. They are classified into two main categories: the analytical method and simulation method.
The first category uses the mathematic modelling which allows to link parameters like the production needs and the abilities of different resources. Millers and Davis [1] proposed a methodology for the classification of this approach. The major disadvantage of this approach is its static and determinist character. Moreover, in this analytical approach, the dynamic aspect of the systems is not taken into consideration as well as the stochastic aspects due to certain factors like the control variation, the products arrival and the reliability of the resources. Similarly, the consistency with scheduling and piloting of the manufacturing systems is not assured. For this reason, the results obtained lack robustness. Besides, these methods provide a very weak general view of the manufacturing considered systems due to the study of resources problem selection independently of the other problems such as shop layout or material handling, etc.
Other analytical approaches developed mathematical and dynamic models [2, 3] . However, for the simulation and the study of a real case, the size of the problem to be solved becomes very important and consequently the quantity of information makes the mathematic formulation very complex.
The problem is also tackled by artificial intelligence techniques like the expert system. Indeed, the technology of the expert system was support to stand the mathematical models. As it was proposed by Kusiak [5] , its role is to decide, in function of the available information, the size of the problem, the mathematical model and the resolution algorithm to use. The gaps mentioned by Miller and Davis [1] will always be present in spite of the intelligent aspect.
The second category of approaches is based on the simulation. Bullinger and Sauer [6] changed the number of production system resources to be optimised until obtaining a state judged satisfactory. Other authors performed simulation studies system design [7] [8] [9] .
However, the simulation approaches are strongly associated with methods of trial and error. Therefore, the goal of these approaches is not the optimality but satisfaction results.
The main objective of this work is then to include the stochastic aspect which governs the arrival of products to the manufacturing cell as well as the parameters of the machine exploitation. Moreover, this study uses measures which characterise the performances of the manufacturing cell to be studied in order to make the best decisions during the sizing phase of the machines ability.
The rest of this paper is organised as follows: Section 2 describes the approach based on simulation and expert systems. Section 3 presents a case study and the obtained results. Finally, section 4 concludes the results and discussion.
ADOPTED APPROACH
The approach requires three main inputs:
• the necessary machines for the family of products to be treated, • the transformation steps of the different products to be fabricated within the manufacturing cell. These supposed to be stable in time, • the objectives to reach and their delimitating values. The manufacturing cell is modelled by the simulator ARENA which simulates the processing of typical demand orders. The expected results will be the performance measures enabling the evaluation of the system with respect to the fixed objectives. These results, the maximum values of the performance measures as well as the number of each type of machine cell, are the inputs of the expert system.
Moreover, according to the analysis of the situation by the expert system with respect to the performance limits, two types of situations are possible:
• if the system performance, considering the current context, is non-improvable, then the procedure of optimization ends and the cell is to improved, • if, the system needs to be improved and there is a lack or an excess of machines particular type, the role of the expert system, in this case, is to detect the problem and to recommend a modification in order to solve the problem considered as responsible for the failure to meet the objectives. As a consequence of the second condition, a new cycle of optimisation is necessary after indicating the modifications according to the proposed decision.
The approach may be started from an initial system including a machine of each type necessary for the fabrication order. Then an iterative process will allow improving the performances in order to reach the objectives. Fig. 2 shows a modelling of this system by the simulation software ARENA [10] . The entry of the product batches within the manufacturing cell is ensured by the module "CREATE". Then, each batch is assigned a set of attributes via the module "ASSIGN". It is to be noted, at this level, that the batches are formed thanks to the module "BATCH", and they are moved by the module "ROUTE" towards the destination department.
Modelling of a manufacturing system by ARENA
Within the department, the choice of the candidate machine, modelled by the module "PROCESS" is ensured by the module "PICKSTATION". However, the transformation of the entities requires the split of the batches via the module "SEPARATE" first. Finally, and before the batches leave the manufacturing cell through the module "DISPOSE", the different variables considered as performance measures are calculated at the level of another modules "ASSIGN".
• Performance measures:
For each objective of the firms, one or more criteria of performance may be defined. The coherence between the criteria of performance guarantees the overall performance of the system.
In this context of production at command in small sets, it would be interesting to consider the delivery deadline as the main objective. Thus, it would be necessary to minimize the delays with respect to the delivery deadlines causing penalties as well as the advances causing extra costs of bulwark. Nevertheless, this work hypothesizes that the advance cost is negligible and thus focuses only on minimizing the delay. For this reason, the suitable main performance measure would be thus the mean flow time (MFT) which should be minimized.
Moreover, a secondary performance measure would be necessary to detect the optimum number of the needed machines that can have a great influence on the MFT. Indeed, this second performance measure should allow us to determine the average waiting number (WN). This index is the average number of batches queuing in front of a machine causing a bottleneck. However, in the presence of two machines having the same WN, but having different processing times, a third measure is deemed necessary. This performance measure is average waiting time (WT).
On the other hand, the minimization of the batches (MFT) supposes the addition of machines. However, every machine has a purchase cost and its addition implies an additional investment. Consequently, the addition of a machine should be justifiable and relevant. In this context, it is necessary to set for each type of machine a minimal limit of use taking in account its technical and financial features. The rate of utilisation (RU) is defined as the ratio between the occupation time of the machine and the operations total time.
• Formulation of performance measures:
The definite parameters, here under, enter in the formulation of performance measures. 
Expert system
• Structure of the system expert
The expert system represents a tool for making decision. Since the primary objective of this study is to improve the throughput of a manufacturing cell, a simulation analysis assisted by the expert system decision process is carried out. A fact list that supports all the required information for decision making before executing the system expert needs to be developed first. The structure of the expert system given in Fig. 3 is composed of two bases: basis of objects and basis of rules. This structure is expressed in terms of inference rules, such us: if (condition) then (action) grouped in several packs. • Working procedure of the expert system First, the current configuration of the manufacturing cell is used as the input data to build a simulation base model. The simulation run of the base model will produce the current cell performance, such as MFT, NW, TW and RU which will be the input of the expert system. If the performance target is not achieved, the expert system will recommend how to modify the simulation model by varying the number of machines. The iterations continue until the performance target of the cell is met (MFTmin and RU d limit). Once the expert system has made the recommendations, the simulation model is adjusted accordingly and rerun. The simulation component and expert system component are cooperating with each other until the target throughput is achieved.
BASIS OF KNOWLEDGE

BASIS OF OBJECTS BASIS OF RULES
In order to provide decision support for identifying bottleneck machines, the procedure of the expert system devises four phases which are shown in Fig. 4 . Theses phases are as follows:
Phase 1: Collection of data; this phase includes manufacturing cell configuration, simulation output and performance criteria objective. In this research, the performance criteria consist of mean flow time (MFT) and the limits authorized of the rate of machines utilisation (RU d limit).
Phase 2: Analysis of data; this phase consists in analysing the data collected from the simulation phase. The result of this phase is to identify the bottleneck machines one by one.
Phase 3: Suggesting recommendations, "searching lack and or excess of machines"; this phase consists to identify the bottleneck machine according to the performance measures.
Once these parameters are detected, it arranges by order of importance, the corresponding recommendations according to two lists: the list of lack of machines and that of excess of machines for each type.
If the state of the system is not satisfactory, therefore this indicates that the current recommendation carried did not lead to the improvement of the manufacturing cell. Consequently, this recommendation is not retained and the expert system recovers the remainder of the unexplored recommendations of the previous cycle and it checks their feasibility.
Phase 4: Checking the feasibility of the proposed recommendation, this last phase consists to apply the procedure which given in Fig. 4 . For example the withdrawal of a single machine in a unit, would be excluded from the list of recommendations. Therefore, two possibilities are considered. The first is that there is no longer any feasible recommendation suggested by the expert system at the end of the previous cycle. This implies the end of the procedure and the manufacturing cell cannot be improved. The second is that there are one or more feasible recommendations of the previous cycle. The expert system displays them in order of importance and indicates the end of the iteration. In this case, one iteration is one attempt of adoption of one of the given cycle recommendation. Each iteration may lead to the end of the cycle if the last recommendation is retained.
The expert system verifies the global performance measures. Following this verification, two cases are possible. The state of the system is improved or not. If the state is either improved, the expert system should detect the parameters linked to lack and/or excess of each type of machine. The absence of any recommendation implies the end of the procedure and approach.
AN ILLUSTRATIVE EXEMPLE
In order to avoid any bias and to give the maximum of generality to this application, the following characteristic of the manufacturing system and the fabrication order were retained:
• the family of products comprises three different types of products (Table1),
• for one type of product, the transformation time differs from one machine to another,
• the handling of the pieces between workstations is done by batches of the same size of the product order, • the setup time is always lower than the processing time of a piece and for each of the three types of productions, • the unit contains five machines, one of each type,
• for the five type M 1 , M 2 , M 3 , M 4 , and M 5 , the maximum utilization rate is 100 % and the minimum is 20 %, • the arrival of the batches is generated by a Poisson law, and the preparation of workstations follows a triangular low of distribution [11] , • the management policy of the queues is first arrived first served. Once the limits of the performance are fixed, the specification of the product order is definite and the initial system modelled, the cycle zero may be launched. The first phase of this cycle is the simulation of the realisation of the order within a cell. The result of this phase, realised with the help of the simulator ARENA, is shown in table II. Moreover, a study of the initial solution choice influence on the final manufacturing system. The method was applied to the same studied application starting from another initial manufacturing system. The final solution obtained is the same found previously. The result in terms of the mean flow time is equally the some. Thus, the choice of the initial manufacturing system does not seem to have an influence on the final solution.
A complementary simulation also shows that the choice of the utilization rate limits may influence the final solutions of the method. The user has to choose between two possibilities:
• to invest and to buy more machines even if they are not very well used and this to improve the mean flow time, • to take the liberty of not having a minimum mean flow time and be satisfied with on acceptable solution. On the other hand, the profit will be economic at the level of investment.
CONCLUSION
This study attempted to develop a method that incorporates the stochastic aspect and uses performance measures better adapted to the production of small and medium series. It is expected to yield satisfactory results in applications where the products are well defined. The study concentrated mainly on sizing manufacturing cell machines. In the study, output of the number waiting, total waiting time, utilisation of resources and mean flow time were considered in the evaluation of the system. This sizing must respect the existing constraints and reach the pre-set objectives. The results would enable the company to gain a greater understanding of the behaviour of the systems and would permit to choose the most suitable design for the new plant. With the assistance of expert system, a set of systematic procedures can be defined for the user. The use of simulation techniques can help to propose and evaluate modifications so as to improve the logistics performance. Besides, it should be clearly understood that further work on this system will yield an optimisation of the objectives in function of new performance measures.
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